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Introduction
Adiponectin is one of the most ample adipokines in the circulation that shows a negative correlation with fat mass (KADOWAKI and YAMAUCHI, 2005) and is reported to play important role in the regulation of fatty acid oxidation, glucose been reported to affect the physiological status of the ovary (TABANDEH et al., 2010; MAILLARD et al., 2011) . The information, regarding the role of adiponectin in energy metabolism and ovarian function, suggests that adiponectin could affect production and reproduction in dairy animals. Furthermore, the ADIPOQ gene has been found to be located within the bovine chromosome (BTA) 1 region, which was previously reported to harbor QTL (KIM et al., 2010) that affects carcass traits in crossbred cattle. Moreover, several single nucleotide polymorphisms (SNPs) have been identified in the promoter, intron and 3′ UTR (untranslated region) regions of the ADIPOQ gene and have revealed a significant association with meat quality traits in various breeds of beef cattle (CASAS et al., 2000; DAVIS et al., 1998; LI et al., 2004; MORSCI et al., 2006; ZHANG et al., 2009 ). Since genetic variability in the ADIPOQ gene was found to play a role in the phenotypic expression of carcass traits in animals, it was hypothesized that genetic variability in this gene may also play a role in the phenotypic expression of the production and reproduction traits of dairy cows. Most research into genetic polymorphism in the ADIPOQ gene has been conducted regarding their association with carcass traits in cattle, and no study related to their association with the production and reproduction traits of cattle has yet been undertaken. Thus, the present study was designed to explore the influence of genetic polymorphisms in the ADIPOQ gene and their possible association with production and reproduction traits in Sahiwal cows.
used for the study. Approximately 5 mLof blood was collected from the jugular vein in vacutainer tubes containing EDTA as an anticoagulant, and genomic DNA was isolated as per the standard phenolchloroform isolation protocol (SAMBROOK and RUSSELL, 2001) . The quality and quantity of DNA was determined using a spectrophotometer, by measuring the optical density ratio at a wavelength of 260 and 280 nm.
PCR amplification. The following primer set (Table 1 ) was used to amplify the genomic sequence of the promoter region, based on the genomic sequence of the bovine ADIPOQ gene from GenBank Accession No. AH015166.2.
A total of 100-150 ng of template DNA was amplified in a total volume of 25 μL PCR mix in the thermocycler (Bio-Rad, USA). The PCR mix contained: 2.5 μL PCR dream buffer 10X, 2.5 μL of 2mM dNTPs, 0.5 pM from each primer and 1 U Taq DNA polymerase. The thermal cycling was standardized at 94 °C for 5 min for initial denaturation, followed by 35 cycles of denaturation at 94 °C for 30s, annealing at 57.5 °C for 30s and extension at 72 °C for 1 min. The final extension step was carried out for 5 min at 72 °C.
PCR-RFLP of ADIPOQ gene. Genotype analyses of ADIPOQ gene was carried out using the polymerase chain reaction-restriction fragment length polymorphism (PCR-RFLP) method. For this, the PCR product of the ADIPOQ gene was digested using Fast Digest TasI (Thermo Scientific) at 65 °C for 5 minutes in a hot water bath. The digestion reaction contained 10 μL PCR product, 1 μL of 10X Buffer, 0.5 μL restriction enzyme and 8.5 μL de-ionized water. The fragments were separated by horizontal gel electrophoresis in 2% agarose gel stained with ethidium bromide (1 µg/ µL) and electrophoresed in 1X TBE buffer prior to visualization under UV light. (FALCONER and MACKAY, 1996) of the ADIPOQ/TasI polymorphism was examined for deviation from the Hardy-Weinberg equilibrium using the χ2 test (SNEDECOR and COCHRAN, 1989) , and statistical significance was determined by the ANOVA test, followed by Tukey's post-hoc multiple comparison tests using SPSS software for Windows (version 16.0). The data were presented as the mean ± SEM and a P-value <0.05 was considered to be statistically significant.
Results

ADIPOQ/TsaI
PCR-RFLP assay.
The amplification of the ADIPOQ gene revealed a 977 bp amplicon which was observed on 1.0% agarose gel ( Fig. 1 ). (454, 243, 153, 96, 18 & 13) ; Lane 3: CC genotype (607, 243, 96, 18 & 13) ; Lane 4, 6-8: CT genotype (607, 454, 243, 153, 96, 18 & 13) ; Lane 5: Ladder (100 bp)
The TasI/PCR-RFLP assay revealed three types of banding patterns (genotypes); one of them was the CC genotype, the second was the TT genotype and the third was the CT genotype (Fig. 2) . The amplicon of the CC genotype had 4 restriction sites and thus revealed 5 fragments of 607, 243, 96, 18 and 13 bp. The amplicon of the TT genotype had 5 restriction sites that revealed six fragments of 454, 243, 153, 96, 18 and 13 bp. The amplicon of the CT genotype showed all seven fragments of 607, 454, 243, 153, 96, 18 and 13 bp. For the PCR-RFLP assay, the important fragment was the fragment of 607 bp which showed mutation in the sequence. The CC genotype showed an intact fragment of 607 bp, while the TT genotype revealed a restriction site and showed two fragments of 454 and 153, and thus the CT genotype showed all these three fragments (607, 454 and 153) . Other fragments were common in all three genotypes. The results revealed that the population studied of Sahiwal cattle was polymorphic in nature, with two types of alleles, C and T, with three types of genotypes: CC genotype, TT genotype and CT genotype, in the screened samples.
Further, the presence of the restriction sites for TasI in the PCR amplified ADIPOQ gene was confirmed by DNA sequencing. The sequence of ADIPOQ/TasI obtained after alignment revealed C→T substitution at nucleotide position 1431C>T. For the CC genotype, no C→T substitution was found, for the CT genotype C→T substitution was found in only one strand, for the TT genotype C→T substitution was found in both strands (Fig. 3) .
The results of this study revealed that the CT genotype was the most frequent (62.32%) in all the screened samples, followed by the CC genotype (24.64%), whereas the TT genotype was least frequent in these samples (13.04%). The frequency of the C and T alleles of ADIPOQ/TasI was 0.558 and 0.442, respectively. The χ2 calculated value for the ADIPOQ/TasI gene was 27.48, while χ2 table values were 3.84 and 6.64 at 5% and 1% level of significance, respectively for the degrees of freedom 1. These results revealed that χ2 (cal)>χ2 (tab) at 1% level of significance, which indicates that the selected population of Sahiwal cattle was not in Hardy-Weinberg equilibrium ( Table 2) .
Association of ADIPOQ/TasI genotypes with production and reproduction traits. The means with standard errors (Mean ± SEM) for each trait related to each genotype for four lactations are given in Tables 3 and 4 , respectively. The association study of the ADIPOQ/TasI PCR-RFLP assay revealed the significant influence of genotypes on calving interval (CI), lactation period (LP), total milk yield (TMY) and days to reach peak yield (DRPY). The genetic polymorphism of ADIPOQ/ TasI revealed a significant effect on LP, and TMY in the fourth lactation in the TT genotype showed significantly higher values compared to the CC and CT genotypes. The DRPY of cows showed a significant association with genotypes in the second lactation, which revealed higher values for the CT genotype compared to the TT genotype. The CI of cows showed a significant association with genotypes in the first and fourth lactations. The CC genotype showed a significantly longer CI compared to the TT genotype, while in the fourth lactation the TT genotype showed a significantly longer CI compared to the CC genotype.
Discussion
Genetic polymorphism of the ADIPOQ gene (1431C>T) has not been widely studied in cattle breeds and most studies have been conducted in beef cattle regarding their carcass traits. This is the first study conducted so far to elucidate the effects of genetic polymorphism in the ADIPOQ gene on the production and reproduction traits of dairy cattle.
In the present investigation, the ADIPOQ/ TasI assay revealed three genotypes. SHIN and CHUNG (2013) also found similar observations in the Hanwoo (Korean) cattle population, and revealed three genotypes, where CT had the highest genotypic frequency (68.9%), followed by TT (16.0%) and CC (15.1%) genotypes, with deviations from Hardy-Weinberg equilibrium in the studied population. These findings of genotypic frequency reported by SHIN and CHUNG (2013) corroborate well with the results of the present study. Furthermore, they reported the allelic frequency of C and T alleles as 49.6 and 50.4, respectively, which is also comparable with the findings of our present study. In contrast, MORSCI et al. (2006) also reported ADIPOQ/TasI polymorphism in Angus Association studies of CC, CT and TT genotypes of the ADIPOQ gene by ADIPOQ/TasI PCR-RFLP assay revealed the significant association of these genotypes with CI, LP, TMY and, DRPY. The CT and TT genotypes had longer CI in the first and fourth lactations, suggesting that the T allele has a significant effect on CI. Likewise, a longer LP was observed for the TT genotype compared to the CC and CT genotypes. In addition, TMY showed higher milk yield in the TT genotype compared to the CC and CT genotype. These results suggest that the T allele of the ADIPOQ/TasI gene may be considered to be a good indicator of milk production in the Sahiwal cattle breed.
In the present study, ADIPOQ/TasI SNPs in the promoter region of the gene revealed a significant association with the reproduction and production traits of Sahiwal cows. The promoter region of the ADIPOQ gene contains several regulatory sequences which control the expression of the ADIPOQ gene, and interact with a large number of cis-acting and trans-acting factors. Therefore, the activity and variations in the ADIPOQ gene promoter region could regulate gene expression, and affect the metabolic pathways of fat and glucose metabolism. Many studies have shown that the ADIPOQ transcript is predominantly expressed in the adipose tissues of human, rodents and porcine (DAI et al., 2006) . It may suggest that bovine ADIPOQ is likely to play an important role in lipid metabolism, such as fat differentiation and deposition in cattle as in other species (SHIN and CHUNG, 2013) .
This was the first report to investigate the association of genetic polymorphism in the ADIPOQ gene on the production and reproduction traits of Sahiwal dairy cattle. Most earlier studies conducted of genetic polymorphism in the ADIPOQ gene investigated their association with carcass traits in beef cattle (MORSCI et al., 2006; SHIN and CHUNG, 2013) . Thus, due to the paucity of the available literature, the results could not be discussed further.
In conclusion, the SNP identified in the ADIPOQ gene and its association with production and reproduction traits suggests that this gene might serve as a candidate genetic marker for selection of dairy cattle with better milk yield. However, further studies are needed to validate this SNP of the ADIPOQ gene in other breeds and populations of dairy cattle, and its association with other production and reproduction traits need to be verified.
